Purpose -Literature review indicates that Leadership in Energy and Environmental DesignAccredited Professionals (LEED APs) practicing during the first ten years of LEED in the building industry hold perceptions that have influenced the adoption of LEED. These perceptions may include that some LEED credit points are more difficult to obtain than others, LEED projects have higher first costs, and LEED projects have higher levels of complexity. The literature also indicates that the relationship between these three topics merits research attention, in an effort to discover the magnitude of those perceptions. This paper aims to address these issues. Design/methodology/approach -Both self-administered questionnaires and interviews are utilized to secure information directly from practitioners. Out of a pool of 8,000 possible interviewees, a total of 102 qualified respondents participated in the cross-sectional survey. Statistical Package for the Social Sciences (SPSS) software is used to analyze the data derived from the survey information and to arrive at conclusions. Findings -The survey identify which LEED credit points are perceived by LEED APs as more difficult, as contributing to higher initial costs and as increasing project complexity. The conclusions indicate a trend toward a higher adoption rate of points that are perceived as having lower initial costs and a lower level of complexity. These findings are primarily due to two reasons: increased cost in managing project documentation; and increased cost in project complexity. Originality/value -The results of this study can be used by designers, construction professionals, and facility managers who are involved in new construction projects. The trends in credit point adoption, and the professionals' perceptions of their initial cost and level of complexity, may encourage others to consider using systems that introduce sustainability concepts into their design and construction process.
Introduction
Green building as a category is a recent phenomenon. The prospects of climate change, resource depletion and emissions generation have conspired to create an increasing awareness of sustainability issues and demand for green construction practices in general (Fernández-Solís, 2008a, b) ; however, the construction industry has been characterized as traditional and conservative, slow to change in both products and processes (Groák, 1992 (Groák, , 1994 . When the green movement started, a need appeared to rate practices and products in order to compare and contrast best practices. These would lead toward sustainability in construction through a series of principles aligned with the International Council for Research and Innovation in Building and Construction's (CIB's) seven principles of sustainable construction (Kibert, 1994) :
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LEED APs' perceptions
(1) reduce -resource consumption; (2) reuse -resources; (3) recycle -use recycled resources; (4) protect -nature; (5) eliminate -toxins; (6) economics -apply lifecycle costing; and (7) quality -focus in creating high performance buildings.
The implementation of these principles required a method for assessing the application with an open mind to innovation and experimentation, as well as rating the process and final product (Jawali and Fernández-Solís, 2008) . Resistance to implementing a rating system and to the principles of sustainability was expected. It was manifested through opinions, as well as data claiming that credit points were difficult to achieve, they resulted in higher initial costs (Miranda, 2005) , and both the labor in administering the process as well as the added complexity to the process and final product also increased the initial cost (Ottman, 1998) . Early users, during the first ten years of practice, priced in a premium for doing a Leadership in Energy and Environmental Design (LEED) project as the learning curve required additional effort by all parties concerned. This paper takes a snapshot of these issues in time, after approximately ten years of practice.
The United States Green Building Council -Leadership in Energy and Environmental Design (USGBC-LEED) has emerged as the premiere green building rating system in the USA, utilized on a voluntary basis (Watson, 2001) . One major driver for LEED acceptance is that the federal government is requiring new federal buildings to adhere to LEED standards (White, 2004) . Additionally, some state governments are providing incentives, declaring regulations and/or enacting legislation crafted around LEED standards (Siegel, 2006) .
Studies have revealed the benefits of green buildings and LEED certification (Kats, 2006) ; however, first costs associated with green buildings are still perceived as a primary drawback by the majority of professionals (Luthra and Fernández-Solís, 2009 ). The following three major objectives are established for this study:
(1) to determine the trends in LEED credit point adoption; (2) to determine the LEED APs' opinions about incremental cost; and (3) to assess LEED APs' perception of the level of complexity associated with implementation of each LEED credit point adoption.
Out of nine different possible LEED categories (e.g. new construction, existing buildings, commercial interiors, etc.,) this study is limited to LEED for New Construction (LEED-NC), versions 2.0, 2.1 and 2.2, primarily because of the constraints of data availability from the first ten years, cost and time.
The trends in LEED credit point adoption are historical facts that can be discerned from the records kept by USBGC (LEED Rating System, 2008) ; however, the record does not capture the rationale for choosing one point over another. This research assumes that the surveyed LEED Accredited Professionals (AP) had a direct involvement with a project's LEED accreditation process and is familiar with the decision-making inherent in pursuing a credit point and that the information that F 27,13/14 supported the decision making is accessible to the AP. Surveys of this nature rely on a carefully crafted set of instructions and a relatively simple survey methodology that captures the strong impression that an easy or a difficult credit may have created.
Early in the LEED adoption process, practitioners found that credit points could be linked in two possible ways, i.e. internally and externally (Kibert, 2007) . Internally (within a credit), by achieving a higher degree of performance, an additional point may be attained, such as water efficiency credits 1.1 and 1.2 regarding water efficiency landscaping. Externally, a credit may also be linked to another credit and thus, it allows achieving points for the two of them; for example, Sustainable sites credit 7.2, regarding heat island effect in roofs, aids stormwater runoff control in Sustainable sites credits 6.1 and 6.2 (stormwater design), and aids in energy conservation and thermal control in Energy efficiency credit 1 (optimize energy performance). On the other hand, certain credits preclude the possibility of gaining points in other credits; for example, Sustainable sites credits 7.1 and 7.2, regarding heat island effect in non-roofs and roofs, respectively, where the pursuit of one precludes going for the other. Knowledgeable LEED APs may go after the synergies that credits have between them and maximize the number of points that a project may achieve. This approach certainly affects the rationale for choosing one point versus another.
Incremental initial cost to the project is a more difficult parameter to assess in relation to each credit; however, the survey also relies on the impression that the debate about pursuing costly points created for the team and for the LEED AP of the project. Initial incremental cost was most likely an issue discussed during the design and estimation of the project by the architect and its consulting team, the creation of a pro forma by the owner and the estimation of the general contractor regarding implementation as well as product and process costs. Process costs may have included commissioning efforts, among others, and product cost may have included upgraded equipment, controls and special features. This survey does not distinguish the types of costs that were incurred on the project, but draws on historical data as presented by the LEED AP.
Complexity (Chu et al., 2003) is the hallmark of the building construction industry (Bertelsen, 2003) . Within the complexities of the industry, we have project complexities that mirror those of the industry (Bertelsen, 2004) . The nature of a rating system is also complex, requiring a learning curve and the breaking of barriers such as tradition, lack of education, and risk taking (Cryer et al., 2006) . In this sense, complexity may have an additional burden, due to perception (real or imaginary), that is added into the final cost. This survey does not distinguish the types of complexity, but captures ordinary and LEED complexity as experienced by the LEED APs.
Because of the above, the following definition of terms was included in the instructions for the survey:
. Adoption rate -The percentage of responses that stated the implementation of a particular LEED credit point (Epsten and Larsson, 2002) .
. Incremental cost -The additional cost incurred to implement a particular LEED credit point. This is an individual subjective measurement which is measured on a category ordinal scale of 1 to 5, where 1 represents very low cost, and 5 represents very high cost. The scale was simple to use and adequate for the level of precision required (Fink and Kosecoff, 1985) .
. Level of complexity -The level of complexity with which a particular LEED credit point can be achieved. This is an individual subjective measurement that depends on factors such as design team expertise, competency, team integration, LEED APs' perceptions etc. It is measured on a category ordinal scale (Fink and Kosecoff, 1985) , ranging from 1 to 5, where 1 represents a very low level of complexity, and 5 represents a very high level of complexity.
The following are the limitations of this study:
. the study does not consider variations in the opinions of the respondents depending on conditions such as geographical location, age, and number of projects executed; and . the study does not reflect the effects of incremental cost and level of complexity on the actual decision of the respondents.
Research design and methods
In order to meet the research objectives, the following steps were adopted:
(1) literature review; (2) questionnaire development; (3) selection of participants; (4) data collection; and (5) statistical data analysis.
The following paragraphs summarize these phases.
Literature review A review of the literature (see the Appendix) was conducted to study the development of the green building industry and to determine the market of LEED-NC standards (Green Building Research, 2008) . For this purpose, research reports were studied to understand the emergence of sustainable construction in the USA (US Department of Energy, 2003; US Green Building Council, 2003 Wallace, 2005) . On the other hand, other publications (Kats et al., 2003; Kats, 2006; Kibert, 1994; Yudelson, 2008) have demonstrated the problems associated with LEED implementation, and argue that LEED has been both supported and criticized for its impact on project benefits and costs, respectively. This literature review revealed the notion that difficulties with LEED credits, perceived initial cost increases and expected increases in complexity were determinant factors impeding a faster adoption of the LEED rating system. This has led to the need for research that captures the first ten years of LEED practice; this study aims at addressing this need with empirical data.
Survey and questionnaire development A survey questionnaire was determined to be the most appropriate method for gathering information from practitioners regarding the three identified research objectives. The instrument was designed with close-ended questions: participants would select the most appropriate response from the given options. It was a structured category type multiple-choice questionnaire using an ordinal scale from which data could be obtained and manipulated.
The questionnaire was comprised of three main sections: the first included a set of introductory questions related to the professional background and demographic information of participants. In the second section, participants were asked to consider the most recent LEED-NC project (completed within less than five years) on which they had F 27,13/14 worked in order to respond to the questions. Details related to the type of project, square footage, and the importance of level of certification to the owner were collected. This was followed by the LEED-NC version 2.2 checklist, aimed at gathering information pertaining to the credit points that were adopted for the project. The third section included two questions, in which the participants were asked to rank the credit elements in each of the six LEED-NC categories, considering the incremental cost associated with each credit and the level of complexity for its implementation. The questions did not directly ask for comments on any particular credit because of time constraints and the need to keep the questionnaire simple in order to maximize responses. All the credits under LEED-NC were listed in this questionnaire, and corresponding to each, a five-point ordinal scale was given for rating, along with an option of "No opinion/Do not know". Only one choice per credit had to be marked by the participant. The survey focused on complexity and cost as the major barriers for fulfilling a LEED credit.
Not included were open-ended questions to determine whether the LEED APs may have had other reasons for choosing which credits to meet or which ones to avoid. The reason for not including such questions was the desire to keep the questionnaire as simple as possible, and still be able to incorporate all 55 different LEED credit points into it.
Approval from the university's Institutional Review Board (IRB) was obtained for conducting the study because human subjects are the source of the information for this research.
Selection of participants
The target population for this study was comprised of LEED APs involved in a variety of roles: architects, engineers, consultants, developers, owners, etc. Qualifying criteria also included that the participant had experience in at least one LEED-NC accredited project that was already completed. The LEED AP directory available on the USGBC website was used as the primary source of information for the selection of participants for this study. As the list from USGBC's website did not include information about the other qualifying criteria, the actual size of this population was difficult to ascertain.
In order to standardize the issue of geographical boundaries and ensure randomization (as per Fink and Kosecoff, 1985) , a cluster random sampling technique was used. The steps involved in the sampling process included dividing the population into clusters along the four geographical regions as per the US Census Bureau (US Census Bureau, 2008), followed by a random sampling of these clusters. Two thousand subjects were sampled from each cluster, aiming to avoid bias. A list was created of the population sample (8,000 potential participants) along with their e-mail addresses. A web-based survey technique was decided upon for the research, and the software "Questionpro" was chosen for conducting the survey. The reasons for using this survey tool were:
. ease of use for the interviewer and interviewees, as it is both user-friendly and only requires that interviewees have access to the web; and . it provides interviewees with identity protection.
Data collection
A total of 8,000 invitation letters were sent via e-mail. These letters stated the purpose and nature of the study, and the qualifying criteria to affirm the potential value of the research and highlight the value of the participant's time in responding. The e-mail also contained the link to the online survey's webpage. Participation was voluntary and the subjects had the freedom to withdraw from the research at any time, if they wished to do so. The responses were collected with full confidentiality, aiming to protect the identity of the participants in both written and electronically published work.
Out of the total invitations sent, 2,213 of the e-mail addresses were non-functional and the emails bounced back. Approximately 400 out of the remaining 5,787 replied, stating that they do not meet the qualifying criteria. Out of the remaining sample, 383 expressed their interest in the survey; however, only 271 started the survey. Also, phone calls were made when required, and data gathered by telephonic responses were fed manually into the database by the researcher. Finally, 105 participants submitted their completed responses. There is no database available that shows how many of the total 8,000 LEED APs to whom invitations were sent actually qualified to take the survey (due to the qualification requirements described earlier). Therefore, the 383 qualifying participants who expressed interest in participating in the survey represent the entire population, out of which 105 submitted their responses. This represents a response rate of 27.4 percent, which is slightly higher than Fisk's (2003) estimate that unsolicited surveys normally receive a response rate of up to 20 percent, and in the range of a 25-35 percent response rate, as suggested by Fellows and Liu (2008) .
Statistical data analysis
The data obtained from the survey responses were uploaded into a Microsoft Excel file. Respondents who selected the option of "No opinion/Do not know" on more than 75 percent of the survey questions were eliminated. Thus, the data analysis and findings of this study are based on 102 complete responses.
Descriptive statistics were used to determine the trends in the adoption of the credit points and to determine the perceptions associated with incremental cost and level of complexity of credit points. Frequency, mean, and standard deviation values were calculated for these three parameters. In order to determine the relationship between the parameters of study, correlation analysis was used. Pearson correlation value was used to depict the type of association. The relationship was ascertained by investigating whether the value was positive or negative. p-Values less than 0.05 were considered for discerning the statistical significance of the relationship (Fink and Kosecoff, 1985) . Statistical Package for the Social Sciences (SPSS) software was used for this purpose.
Findings and data analysis
The following sections introduce the responses obtained from the survey, and present the analysis of the survey findings.
Demographic characteristics of survey respondents
In 2008, the USGBC (2008a) estimated that there were approximately 60,000 LEED APs across the USA The AP accreditation can be attained by professionals from all types of backgrounds, i.e. students, engineers, manufacturers, realtors, etc. However, in order to attain meaningful and relevant information, it was posited by previous surveys (such as Green Building by Numbers, 2008 ) that participants should have some experience in LEED-NC standards. Therefore, experience of working on at least one LEED-NC project was the qualifying criterion for this study.
The total number of participants for this study was 102, with no restriction on the professional background (other than experience being the LEED AP on at least one F 27,13/14 project). Table I presents the participants' professional background, and shows that the three largest groups of respondents were architects/designers/planners (36 percent), project managers/construction managers (20 percent), and engineers (17 percent).
Regional diversity in representation was required for this study because each region has its unique characteristics and needs. A sample of cross-regional LEED AP participants minimizes biases that could be introduced by exclusive regional representation. As mentioned, the states were grouped according to the regions defined by the US Census Bureau (2008) , and the respondents were asked to state the region in which they reside and work. Table II presents the breakdown of respondents by region.
The respondents of the survey were then asked to consider the most recent LEED-NC project (completed within the last five years) in which they were directly involved and to respond to the set of the questions with that project in mind. Information pertaining to the square footage of the project, type of the project and the level of certification that the project obtained was collected. Tables III-V Table V shows that approximately 74 percent of the projects were accredited as either "Certified" or "Silver" certification, which are the two lowest levels of LEED certification (out of a possible four levels). Only 2 percent of the projects received the "Platinum" certification, which is the highest possible level of certification. Future work may consider an in-depth comparative analysis of certification points achieved, levels of certification and project complexity.
The last item asked in this section included the participant's perspective on how important the level of certification of the project was to the owner. In order to determine the role of the owner in the certification process, the respondents were asked to rank the importance of the level of certification to the owner on a five-point scale ranging from "Extremely important" to "Not at all important". As seen in Table V , the most common response to this was "Extremely important" (48 percent). This indicates that the owner does play an important role in the certification process.
This information was then compared to the level of certification achieved in the specific project, as provided by the respondents. This led to the conclusion that the higher the level of certification, the more important it was to the owner to get it. Table V also summarizes the results of this comparative study. As seen in Table V, of the respondents believed that the level of certification was of high importance to owners who went for "Certified" LEED projects, while 73.5 percent considered it to be the case for "Silver" LEED projects, and 92 percent believed so when dealing with owners aiming at "Gold" LEED projects. The small number of "Platinum" LEED projects represented in this survey does not allow us to draw any conclusions about this category. However, Table V demonstrates a clear trend of perceiving an increased level of importance to the owner with an increasing level of LEED certification.
Credit point adoption
In this section, participants were asked to choose the points that they had adopted for the recently executed project across the different categories of LEED. These categories have been developed, and are currently used, by LEED to characterize sustainable strategies and methods. Category 1: Sustainable sites. The "Sustainable sites" category emphasizes on limiting the impact of buildings on local ecosystems by integrating the building location and sustainable features (Kibert, 2007) . This practice encourages decision makers to take measures for preservation or restoration of natural ecosystems. Table VI presents the adoption rate of items included in this category, as marked by the respondents.
Category 2: Water efficiency. This category deals with adoption of water conservation strategies, like reducing or eliminating the use of potable water for landscaping, incorporating innovative technologies for storing or reusing water, minimizing wastewater generation, and maximizing water efficiency in buildings by adopting high efficiency fixtures (Kibert, 2007) . Table VII presents the adoption rate of items included in this category, as marked by the respondents.
Category 3: Energy and atmosphere. The "Energy and atmosphere" category focuses on optimizing the energy performance of the projects to reduce operation costs and adopt measures like renewable energy that can help in reducing energy consumption (Kibert, 2007) . Table VIII presents the adoption rate of items included in this category, as marked by the respondents. More than 90 percent of respondents go for optimizing the energy performance of buildings. Also, the average adoption of the remaining credit points in this category altogether was found to be less than 40 percent. This reflects a lack of interest and/or attention to the other items in this category, including the potential benefits of alternate sources of energy. Category 4: Materials and resources. This category promotes the reuse of existing building materials, reduction of waste generation, usage of recycled materials and locally available materials, along with certified wood to reduce environmental impact (Kibert, 2007) . Table IX presents the adoption rate of items included in this category, as marked by respondents. Although three items were ranked with a higher average adoption rate of 80 percent, six additional items were ranked with an average adoption rate of 25 percent or lower. Diverting construction waste management, using recycled materials, and using materials available in the same region were selected as the top items adopted. This depicts that professionals are cognizant of the impact of material selection on the environment and thus, are adopting measures to minimize the impacts caused due to extraction and processing of materials. On the other hand, using existing materials and materials reuse are rarely being adopted by the respondents. Category 5: Indoor environmental air quality. This category emphasizes various measures for the health of building occupants. Table X presents the adoption rate of items included in this category, as marked by the respondents. Amongst the various available options, the use of low emitting materials, particularly adhesives, sealants, paints and carpets, was reported by approximately 90 percent of respondents. This indicates that professionals are mindful of the impacts of volatile organic compounds (VOC) on occupant comfort and wellbeing. Studies have revealed that increased ventilation and proper daylight result in an increase in the productivity of the occupants (Kibert, 2007) ; however, evidence for this cannot be seen in this survey, as the average adoption rate for increased ventilation and maximizing daylight views for building spaces are relatively low.
Comparison of adoption rates in various categories
In order to compare the adoption trends in various LEED categories, average adoption rates were calculated. The results are concordant and substantiate the findings of Cryer et al. (2006) . Amongst the various categories, "Indoor environmental air quality" had the highest adoption rate, while the "Materials and resources" and "Energy and atmosphere" categories had the lowest adoption rates. Clearly, certain credit points are preferred over other credit points and the adoption is not spread uniformly amongst the categories. Table X . Adoption rate of credit points under "indoor environmental air quality" category LEED APs' perceptions certified projects. Each credit point was rated on a five-point scale, ranging from "very high" (5) to "very low" (1) for the incremental cost, and from "very high complexity" (5) to "very low complexity" (1) for the level of complexity. It can be noted from Tables XII and XIII that credit points related to the use of renewable energy from the "Energy and atmosphere" category are perceived to result in significant incremental cost to the project, in addition to being perceived as requiring a high level of complexity for their inclusion in a project. On the other hand, site selection and the use of low emitting materials are perceived as adding low incremental cost to a project, as well as requiring a low level of complexity. LEED APs' perceptions this table, one can learn that for four of the five categories, the mean incremental cost is right in the middle of the scale used, while only the "Energy and atmosphere" category is perceived as having a higher incremental cost. When considering the average rating of the level of complexity, the "Energy and atmosphere" category showed the highest average level of complexity rating. Nevertheless, "Materials and resources" also showed a higher average level of complexity compared to the other three categories.
Relationship between adoption rate, incremental cost, and level of complexity The following step was taken in order to examine the relationships between the three variables studied in this research: adoption rate of credit points'; their perceived incremental cost; and their perceived level of complexity. For testing the relationship between mean adoption rates and mean ratings for incremental cost and level of complexity across the various LEED categories, correlation tests were carried out. Conclusions This study was conducted to identify trends in the adoption of LEED credit points and to determine the perceptions of LEED APs about these credit points. An online survey was conducted with LEED APs who had experience working on at least one LEED-NC certified project using 2.0, 2.1 and/or 2.2 versions. The participants of this study were from the majority of states in the USA. The responses to this survey indicate that a mix of projects sizes and types have opted for some type of LEED certification, and the majority of the projects were commercial buildings. Moreover, almost 50 percent of the respondents reported that owners consider the level of certification of the project to be extremely important: the higher the level of certification, the more important it was perceived to be to the owner. The review of literature documented studies that illustrate the benefits of green buildings and encourage industry professionals to opt for LEED certification (Kats, 2006; Kibert, 2007) . On the other hand, LEED has also received criticisms, particularly for increased first costs and difficulty in documentation, possibly due to the associated cost increases due to labor in handling LEED process documentation at the front end, higher levels of project team integration with early on participation, etc. (Kibert, 2007) .
This study shows that in terms of the adoption trends for credit points across the LEED categories, some of them are more frequently adopted than others (see also Luthra and Fernández-Solís, 2009 ). As the limitations of the study imply, a stronger link may be sought between the adoption rates of LEED credit points and their incremental cost and level of complexity. In this study, each one of these variables was measured on a different scale and referred to specific project accomplishments versus general perspectives of LEED APs. Nevertheless, this study shows that the credit points with lower adoption rates were perceived to result in higher incremental costs and considered to require higher complexity for their implementation than the others. Thus, this study argues that these two factors play an important role and affect the adoption trends of LEED credit points.
Recently, the global resource consumption and emissions generation crisis (which does not include the 2008-2009 current global economic and construction decline) has become a major area of concern. Considering the alarming statistics of resource consumption and emissions generations, attempts are being made across the USA to increase awareness of green design and construction. The findings of this study reflect trends in adoption of LEED-NC credit points, as well as the impact of incremental cost and level of complexity on adoption rates of LEED-NC credit points.
The results of this study reveal that LEED APs perceive that implementing LEED-NC: bears some medium level of incremental cost increase; and results in a moderate increase in complexity.
This research articulates and confirms the perception by LEED APs that there is a degree of incremental first cost and level of complexity in the process of certification. The reasons behind this perception cannot be readily inferred from the findings of this research.
Future study could quantify these incremental costs associated with various LEED credit points, and compare the perceptions of LEED APs with the actual costs. This study was limited to the USA; therefore, a similar study could be conducted in other countries where LEED or other methods of introducing sustainability into the building design and construction processes have been implemented. This would verify the findings and broaden the sample to a global level. Moreover, the results of this study may be used for improving current LEED credit points, and developing future revisions of LEED.
With the increased involvement of facility managers in the design and new construction of buildings and infrastructure, and with the growing awareness of issues like green construction and sustainability, it is more and more important to the facility management profession to be aware of these global trends and development in these areas. In large and medium organizations, where facility managers are in charge of design and construction teams, the information presented in this paper is valuable in terms of pointing to trends in the adoption of various LEED credit points, as well as showing the trends in their perceived incremental cost and level of complexity.
Along with sustainability, issues such as aesthetics, security, and cost-effectiveness have also started gaining more importance than in the past. A study could be conducted to determine measures taken by owners and designers to move in the direction of whole building design, constructing high performance buildings, where sustainability is one parameter taken into consideration.
